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$\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial y}-fv=-g\frac{\partial h}{\partial x}$ (2.1)
$\frac{\partial v}{\partial t}+u\frac{\partial v}{\partial x}+v\frac{\partial v}{\partial y}+fu=-g\frac{\partial h}{\partial y}$ (2.2)
$\frac{\partial h}{\partial t}+\frac{\partial}{\partial x}(hu)+\frac{\partial}{\partial y}(hv)=0$ (2.3)
$(2.1) \cross hu+(2.2)\cross hv+(2.3)\cross[\frac{1}{2}(u^{2}+v^{2})+gh]$
$\frac{d}{dt}\int dy[\frac{h(u^{2}+v^{2})}{2}+\frac{gh^{2}}{2}]=0$
$(2.1) \cross h+(2.3)\cross(u-\int fdy)$
$\frac{d}{dt}\int dy[h(u-\int fdy)]=0$
$[\partial(2.2)/\partial x-\partial(2.1)/\partial y]/h-(2.3)\cross(\partial v/\partial x-\partial u/\partial y+f)/h^{2}$
$( \frac{\partial}{\partial t}+u\frac{\partial}{\partial x}+v\frac{\partial}{\partial y})\frac{\frac{\partial v}{\partial x}-\frac{\partial u}{\partial y}+f}{h}=0$
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$E$ $\equiv$ $\int dy[\frac{h(u^{2}+v^{2})}{2}+\frac{gh^{2}}{2}]$ (2.4)
$M$ $\equiv$ $\int dy[h(u-\int fdy)]$ (2.5)
$\partial v$ $\partial u$
$q$ $\equiv$
$. \frac{\overline{\partial x}\overline{\partial y}-+f}{h}$ (2.6)
$E$ , $M$ , q
$x$ –
$u=U(y)+u^{J}$ , $v=v’$ , $h=H(y)+h’$ , (2.7)
$(2.1)\sim(2.3)$ 1
$\frac{\partial u’}{\partial t}+U\frac{\partial u’}{\partial x}+v^{J}\frac{dU}{dy}-fv=-g\frac{\partial h’}{\partial x}$ (2.8)
$\frac{\partial v’}{\partial t}+U\frac{\partial v’}{\partial x}+fu’=-g\frac{\partial h’}{\partial y}$ (2.9)
$\frac{\partial h’}{\partial t}+U\frac{\partial h’}{\partial x}+\frac{\partial}{\partial x}(Hu’)+\frac{\partial}{\partial y}(Hv’)=0$ (2.10)
(2.4), (2.5) $u,$ $v,h$
$E_{0} \equiv\int dy(\frac{HU^{2}}{2}+\frac{gH^{2}}{2})$ (2.11)
$M_{0} \equiv\int dy[H(U-\int fdy,$$)]$ (2.12)
(2.4), (2.5) (2.7) 2
$E_{1} \equiv\int dy[\frac{H(u^{\prime 2}+v^{\prime 2})}{2}+\frac{gh^{\prime 2}}{2}+Uh’u^{;}]$ (2.13)





$u=$ $U(y)+$ $u’+u^{()}2$ ,
$v=$ $v’+v^{(2)}$ ,
$h=$ $H(y)+$ $h’+h^{(2)}$ ,
2
$E_{2} \equiv\int dy(\frac{HUu^{(2)}}{2}+\frac{h^{(2)}U^{2}}{2}+\frac{gHh^{(2)}}{2})$ (2.15)







$q’ \equiv\frac{\frac{\partial v’}{\partial x}-\frac{\partial u’}{\partial y}-Qh’}{H}$
,
$Q \equiv\frac{f-\frac{dU}{dy}}{H}$
$E_{q}\equiv I^{dy\frac{H^{2}Uq^{\prime 2}}{2dQ/dy}}$ (2.19)





$E_{p},M_{p}\text{ }E_{d},M_{d}$ $E_{\mathrm{p}}$ $M_{\mathrm{p}}$
$E_{p},$ $M_{p}$ 1 2 $E_{d},$ $M_{d}$
$E_{p}$




$E_{p}\text{ }M_{p}$ 2 $E_{p}\text{ }M_{\mathrm{P}}\text{ }0$
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– $k=1,$ $c=0$ $k>1,$ $c>0$
– $k>1,$ $c<0$ k-c
64
$(dc/dk >\mathit{0})$ (Iga $1999\mathrm{b}$ ) $c>0$
yc $Q’(y_{\mathrm{C}})>\mathit{0}$
$Q’(y_{c})>\mathit{0}$
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